Abstract. Exhibition shows are essentially information exchange hubs. Their success relies on the quantity and quality of interaction of the involved parties: exhibitors, visitors, and organizers. The introduction of advanced wireless applications in the exhibition industry is a major opportunity for improving interaction and communications, thus leveraging the value proposition of exhibition services. This paper discusses the development and commercial trial of a Wireless Exhibition Guide that employs mobile terminals, wireless networks, and indoor location positioning technologies integrated through a set of software components, to introduce sophisticated information, communication, and navigation services for exhibition environments. Results indicate acceptance of the Wireless Exhibition Guide amongst the stakeholders of the exhibition industry, organizers, exhibitors, and visitors alike, and provide guidance towards the future of portable personalized location-sensitive information systems in information-rich environments, such as museums, conference centers, and art shows
Introduction
Despite the emergence of various electronic business communication and promotion methods over the past years, exhibition fairs continue to rank as the most dynamic and effective sales and marketing tools in existence [1] . In the context of the modern economy, fairs continue to bring together market participants providing a unique opportunity for personal contact and information exchange. Moreover, fairs and exhibitions are "shop windows" offering insights into the latest industrial products and services to business and individual visitors.
As exhibition organizers compete to generate value for their shows, their attention and promotional activities have been concentrating more and more on visitors rather than on exhibitors [2] . Visitor satisfaction has become of strategic importance and has 1 In Panagiotis Bozanis and Elias N. Houstis This is a machine-readable rendering of a working paper draft that led to a publication. The publication should always be cited in preference to this draft using the reference in the previous footnote. This material is presented to ensure timely dissemination of scholarly and technical work. Copyright and all rights therein are retained by authors or by other copyright holders. All persons copying this information are expected to adhere to the terms and constraints invoked by each author's copyright. In most cases, these works may not be reposted without the explicit permission of the copyright holder.
led trade fair organizers into pursuing a new strategy described by the term 'visitor orientation'. Towards implementing this strategic goal, one of the things exhibitors bear in mind, while designing and setting up their show, is the need to accomplish the 'extended-stay visit' [3] . Exhibitors are naturally interested in making visitors stay at their corporate booths as long as possible. To this end, traffic flow engineering is typically employed. Self-guided tours based on various technological means (ranging from CD-ROMs to portable computing devices) are used to direct visitors at a desired pace throughout the show. In addition, firms try to notify visitors about presentations taking place at different times of the day, so as to extend their stay in the exhibition place. At the same time, exhibitors must provide something to be remembered; this trend is referred to as 'experiential exhibiting' [4] . Technology can assist in making a sophisticated and impressive presentation of the exhibition products' unique selling points.
The Wireless Exhibition Guide
Drawing on the experience of previous research and commercial efforts on providing wireless services in exhibition [5, 6] , museum [7] and conference settings [8] , and having identified a set of technological solutions allowing for efficient peer- [9] to provide value-added services supporting the professionals and customers in the exhibition industry in a context-aware manner [10] .
The following sections discuss in brief several aspects of the Wireless Exhibition Guide development, such as the technology applied (sub-systems and infrastructure), a usage scenario indicative of the services provided for the three stakeholders of the exhibition sector (exhibition organizers, exhibitors, and visitors), and the results from the system's testing and user evaluation in a real exhibition event.
A WEG Use Scenario
The scenario involves Philip, a visitor in the "Mobile Expo" organized by Finnish Fair Corporation (FFC) in Finland, who uses a set of value-added services provided by the WEG application.
Philip enters the exhibition center and passes through the reception. The registration staff of FFC asks for his invitation and the visitor informs them about his online pre-registration. The secretariat asks the visitor if he wishes to use the WEG. After getting all the required information, Philip agrees to download the WEG software to his device under the guidance of the FFC technical staff. While he is about to enter the exhibition hall, he meets a colleague, Charles, who is about to register onsite. Philip, who is a leader and moderator of a group comprising of the company's employees, is inviting Charles to become member of the group. After that, Charles gets his device as well, and they go on their different ways. Before splitting, they both ask to view on their devices a personalized and location-aware navigation plan.
Since Philip wishes to locate specific products, he uses his device to locate stands with the specific products on the map. After locating those stands on the navigation plan, he takes the routing advice of his device to get there. As he approaches the stand of interest, he receives alerts for offerings based on his profile as well as targeted promotional spots of certain exhibits from the exhibitors. While wandering through the stands, Philip gets recommendations for specific events as well as common announcements (e.g. the exhibition is about to close). He is visiting 3 or 4 other stands that are in his list, and he follows the exact same procedure with the previous ones.
After being in the exhibition for 3 hours, Philip decides to take a break for a snack or coffee so he moves towards the closest restaurant or rest area by using his navigation plan and routing advice on his device. On his way to the restaurant, he decides to meet with Charles, so he uses the system to track him since they both belong to the same user group. When he manages to position Charles, he sends a real-time message asking him to meet in five minutes in the restaurant area. Before sitting in the restaurant, they connect to the nearest kiosk to get information on their visit trail and movements up to this moment. Before leaving the exhibition center, Philip asks to get information on nearby means of transportation.
While being at home or in the office, Philip gets connected to the Internet, gets access to the WEG software, and downloads the material that he requested through bookmarks, as well as additional promotion material sent either by organizers or exhibitors. Furthermore, replying to the organizers' request, he uses the system to send feedback by giving his response to an online questionnaire.
The Technology Solution
The Wireless Exhibition Guide technology solution is implemented through a set of software and hardware components. The way in which these are integrated is more thoroughly discussed in prior research works [10, 11] . This section briefly discusses the WEG technology solution in terms of system architecture ( Fig. 1) .
The core component of the Wireless Exhibition Guide system is the application server, which is responsible for handling user requests and realizing the relevant application logic (e.g. navigation assistance, personalized recommendations, "bookmarking" capability, business cards exchange, monitoring of mobile terminal locations, content management). The application server receives user requests via either the Internet or the wireless network installations of the exhibition center. Two wireless networking technologies (802.11b WLAN and Bluetooth) are employed and tested to provide wireless access to visitors, exhibitors, and exhibitor organizers within the exhibition boundaries.
The delivery of location-based services and information (i.e. targeted messages [12] , bookmarking, virtual trail) is enabled via two indoor positioning technologies; WLAN-based Positioning System and Indoor GPS System. WLAN-based Positioning is based on the WLAN infrastructure, which is also used for transferring data to and from the users. Indoor GPS constitutes a rather innovative positioning solution developed by Space Systems Finland Ltd. The indoor GPS system includes: a) a number of ground transmitters, pseudolites (pseudo-satellites) that emulate the signal of GPS satellites and replace GPS in the exhibition environment, b) a set of reference receivers that are used for signal integrity provision and synchronization of the pseudolites signals, and c) the Master Control Station (MCS) running the control software for providing monitoring, configuration, and control of the whole system.
The wireless devices that enable access to the application server and delivery of the WEG navigation, communication and information services include Personal Digital Assistants (PDAs) and laptops. Visitors use PDAs to make bookmark requests, receive exhibition content, and routing information. During the trial operation of the system, a specific PDA (iPAQ 3870) was selected to test visitors' services. Nevertheless, other models of PDA devices can as well be used provided that they are WLANenabled and have a free PCMCIA socket for a GPS receiver. Visitors can also use laptops for preparing their visit before the exhibition and review their visit after it. Exhibitors and exhibition organizers can use wireless connected laptops to receive statistics, get real-time notifications, and submit exhibition content. 
Trial Design
The trial operation of the WEG prototype took place in the FFC Exhibition Center, Helsinki, Finland on 18-19 March 2004 during the ViiniExpo (The Wine Exhibition). The trial consisted of two stages. Stage I included testing of the primary technologies applied first in isolation and then in integration, while Stage II concerned the evaluation of the system's services from the end-user perspective. The whole paper is primarily focused on Stage II (user evaluation), the methodology employed and results.
Regarding Stage I, due to space restrictions, we considered it important to include information on only the positioning accuracy achieved by the two principal wireless technologies (WLAN-based and Indoor GPS).
End-User Evaluation Methodology
The principal objectives set for the evaluation of the WEG included: a) Collecting data on users' attitude towards the future use of the system, b) Assessing overall experience and satisfaction with the WEG services. A total of 17 persons were involved in the evaluation process of the WEG prototype: 12 visitors, 3 exhibitors, and 2 organizers. They were all interviewed and then given an evaluation form to fill in.
The trial, which lasted two days, gave emphasis on visitors' experience of the system with the use of PDAs. In addition, the trial focused on testing the delivery of position services, which had been considered as the most important feature of the Wireless Exhibition Guide during the user requirements phase. Table 1 indicates which validation methods applied in each user group. 
In practice, visitors performed a set of test tasks, while being under observation. The evaluation expert went through all tests with users playing the role of moderator. Visitors were asked to perform 8 tasks in total. They were also asked to think aloud while interacting with the system. When all test tasks were completed, the moderator asked visitors some general questions and then left them some free time to fill in an evaluation form. Exhibitors performed about 10 test tasks in total. Before any task, they were shortly introduced to the WEG system from the visitor's side in order to be able to imagine how their customers interact with the system. Also exhibitors were told to think aloud and fill in an evaluation form being tailored to their interaction with the system. For organizers, there were no test tasks available. Instead, the whole functionality of the WEG system was demonstrated to them, so that they evaluate it from the viewpoint of the candidate buyer of the software. In practice, organizers were asked to evaluate the system from all the three user groups' side.
Evaluation Tool
Following, we present the main sections, which correspond to the primary evaluation criteria, of the delivered evaluation forms.
User Interface & Performance -Users are asked whether the User Interface (fonts, color, position, menus, forms) is aesthetically pleasant and exciting, as well as whether the systems is easy to learn, is easy to operate and has satisfactory performance speed. Value of Services. For each essential and innovative service, its perceived value is measured. The formal definition of usefulness is "the degree to which a person believes that using a particular system would enhance his or her job performance" [13] . In the exhibition context, the system should enhance the visiting and communication experience of visitors, the communication and promotion performance of exhibitors and the management and monitoring ability of organizers in a manner complementary to curren practices. General Attitude Towards the System. Issues like trust and willingness to use are faced in this part. Users are asked to declare their willingness to use the system in the future. However, the Perceived Ease of Use and Perceived Usefulness are considered by the TAM construct as the key factors influencing the users' behavioral intention and actual use of the system [14] . Users are also asked to state their intention to pay for getting the systems' services as well as the price level they can afford for getting the system's services. Overall mobile experience and satisfaction from the system. Questions in this part examine the overall experience from using mobile devices and mobile technologies along with the overall satisfaction of using a new system to support visiting experience [15] . Users are asked to compare their experience to the one gained during exhibition visits in the "traditional" way.
Trial Results and Business Implications
Due to the restricted size of the test sample, the data collected from the three user groups via observation, interview and evaluation forms could not be analyzed with quantitative statistical methods. Instead, qualitative methods are employed to stress the main strengths and weaknesses of the system, as they were verbally expressed but also coded in the delivered questionnaires.
End-User Evaluation Results
Test users who played the role of visitors were very keen about the features of the WEG. Some of them rated the system very high, despite the usability problems and the relative instability of the system during the trial. Others were not so happy with their visiting experience. This was naturally reflected in their comments (interviews and forms) and can be explained by their high expectations from the system. Conversely, for those whose expectations were not so high, technical problems that were presented were not insurmountable. Regarding the positioning services that were provided, these were seen as key drivers for the use of the software. In addition to posi-tioning features, communication features were also found interesting and useful. Especially the message service was considered to be an advantageous feature. However, users were not happy with the way in which these services were delivered, since communication features suffered from usability problems. Some key statements/ suggestions of visitors are presented in Table 2 . Visitors were keen to use position based services in future, and they were also "happy to see the glimpse of WLAN in action" for the very first time. The positive attitude towards the system can be analyzed in the user needs context as they were set at the first place. In the case of visitors, it can be said that apart from some existing needs raised from the exhibition visiting experience, there were also needs which emerged only during the WEG use experience. General requirements like to know where you are, to locate companies and stands as easily as possible and to share your experiences with others can be considered "universal needs". The WEG satisfied this kind of needs in a satisfactory level, and this is why the majority of visitors involved to test appreciated these features. On the contrary, needs like "to avoid the information overload" and "to get just the information user wants at particular time/place" were clearly born by the usage of the WEG system. Namely, the system's ability to offer limited or regulated information based on user's location to avoid unnecessary actions (like scrolling long lists of exhibitors), were features which visitors found surprisingly useful. This is the result of the technology's ability to create new needs, not just satisfy the existing ones.
Test users in the role of exhibitors were first introduced to the features visitors used through a PDA. After this short demonstration, exhibitors were asked to conduct ten test tasks designed only for them. The expectations of exhibitors were quite neutral. Maybe this was one reason why they were considerably happy with the elements of the WEG. They identified a number of very useful and value-added tools provided by the system. Their specific comments are quoted in Table 3 . 
The Communication tool was characterized as "a very handy tool for sending messages to certain individuals characterized by some attributes vital to exhibitor's own interests".
Overall, exhibitors were also quite satisfied with the elements and features of the WEG. In more specific terms, the ability to use tools for analyzing and reporting visitors was found as a new useful and quite valuable service. The identified usability shortcomings somehow affected the overall experience, but still exhibitors saw the whole service as a good tool that could generate added value in their exhibition experience.
There were two exhibition industry organizations involved in the trial, Finnexpo and ROTA. Representatives of those companies were first shown the visitor's part of the system (with PDA in the exhibition hall). After this short demonstration, they were asked to use the system via PC at the same place where exhibitors did their tasks (the office set-up). Some of the WEG services, such as the online exhibitor catalogue and the pre-registration facility, were already offered by the exhibition organizers though one or more web-based information systems. However, the very added value of the WEG was the fact that organizers did not have just one system in use that would incorporate all valuable features. Thus, the system could even, in principle, somehow replace or supplement their current business practices and systems. This was the main reason why organizers also liked the WEG. But at the same time, they were skeptical about the ability of the system to integrate with their legacy systems. Despite this skepticism, several very useful and precious features were found. Especially tools for creating and viewing questionnaires, as well as extracting statistical reports, were seen very handy in order to replace their existing practice of getting feedback from visitors. However, "if the system could generate real-time information, such as how many visitors are on-line at a particular time, which stands are the most popular ones, then it would offer even more positive feedback to organizers".
Organizers were the most significant test group. Their high requirements and expectations from the use of the WEG system were due to having already part of the WEG services in place through their legacy systems. However, organizers lacked an integrated system with all essential features incorporated. This was considered as the core value that the WEG system generated for exhibition organizers. Moreover, navigation and positioning services were also seen as critical source of value, since the organizers do not currently offer such services in their exhibition events.
Positioning Accuracy
The achieved positioning accuracy of the visitors is described as a part of the evaluation results, since it affects the user experience significantly and is referred frequently in the evaluation results by the test users. There were two separate positioning subsystems in operation, but it was transparent to the main server which (either one or both) of them was in use at a time.
iGPS positioning subsystem
The pseudolite system trials were conducted in a different hall of the Finnish Fair Expo Center. Although the actual usability tests were conducted in Hall 4, where the actual Wine exhibition was taking place, the pseudolite tests were performed in another exhibition hall (Hall 2) (Fig. 2) . This was due to the lack of small and unnoticeable end-user receivers that could be used in a transparent way in the exhibition place.
The test results showed that the pseudolite system is capable of providing very good positioning accuracies in an indoor environment. In the beginning of the project, it was estimated that an accuracy of 1 meter would serve the needs of an exhibition application. During the tests, we showed that sub-meter, and even sub-decimetre, accuracies can be acquired using the pseudolites. Specifically, the achieved positioning DRMS (distance root mean square) for 2-dimensional positioning (x, y) was 0.06m and 0.24m for 3-dimensional positioning (x, y, z). Although the current system is not feasible for real exhibitions due to the inconvenient size of the end-user receiver, discussions with receiver manufacturers revealed that small and efficient receivers should be available by early 2005. The achieved accuracy in the un-optimized network of the FFC Exhibition hall (Fig. 3) was fair: 4.2 meters in average. This was achieved with just a basic WLAN access network, consisting of only 2 access points per hall and without any optimization to the access point settings. The average accuracy is fairly good, but occasional errors of more than 10 meters appeared every now and then. 
Conclusions and Further Research
The evaluation trials have indicated that the WEG has achieved a high degree of overall acceptance. Despite some minor technical problems, mainly regarding the stability of the system in the case of multiple PDA users interacting with it in parallel sessions, all user groups were satisfied with the overall experience of having a personal exhibition guide, which provided them with navigation services and locationbased information. User feedback has been recorded in detail in order to feed future re-design and re-development efforts on the WEG technology and service solution.
One of the primary innovative features of the WEG is the use of an indoor GPS system able to locate users with a quite great accuracy, compared to the positioning abilities of WLANs. The described indoor GPS solution has been implemented with the integration of a rather large module into the PDA device. Adding the GPS module has rendered the PDA device unacceptably large and has also significantly decreased its battery life. Future versions of the WEG should handle this problem by using either chipless GPS technology, which several device manufacturers are currently investigating, or a single chip that will handle all GPS functions [16] . Both GPS technology solutions will greatly contribute to minimizing both the power assumption and the size of the device to be used for accessing the WEG services.
Towards the purpose of convergence of voice and data services, the implementation of the same technology solution based on interconnection of wireless and mobile networks is proposed. The challenge concerns the provision of roaming services from mobile to wireless network and vice versa. To cover future inter-network roaming for users of wireless location-based services, an integrated location management architecture, much like the one proposed by Varshney [17] , should be developed. Such architecture supports location tracking in other wireless networks (WLANs, PANs) as well as in cellular networks (GSM, GPRS) and satellites. The proposed solution would allow the WEG users to access multiple networks while being in the exhibition show, thus increasing the value of the WEG solution.
The current analysis of WEG business solution has triggered interest in analyzing the successful conditions, under which commercialization of WEG could be achieved. Based on alternative patterns of alliance formation, with the purpose of the WEG commercialization, among actors of the mobile and exhibition industry, a wide range of alternative business models can be identified and designed [18] . In practice, we expect that more than one business model for the exploitation of the WEG can apply given differences in the organizational and market conditions. We contend that the final selection/decision on the business model to be applied in a given situation will be based on a number of factors regarding both the internal and external environment of the candidate service providers, such as size, competitive position and corporate strategy (internal factors), but also competition degree, technology uncertainty, and market maturity (external factors).
